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Abstract: Objective: To investigate the clinical value of 
video-electroencephalography (VEEG) and thermal stim-
ulus on evaluating the prognosis of comatose patients 
after cardiopulmonary resuscitation. Methods: Twenty 
eight comatose patients with cardiopulmonary resuscita-
tion were included in the department of ICU of the First 
Teaching Hospital of Fujian Medical University from Feb-
ruary 2013 to March 2016. Of the included 28 patients, 20 
cases died (death group) and 8 cases survived (survival 
group) after cardiopulmonary resuscitation. The VEEG, 
Glasgow Coma Scale (GCS) and APACHE II score were 
recorded and compared between the death and survival 
group. The prediction value of death for VEEG, GCS and 
APACHE II were evaluated through sensitivity, specificity 
and area under the receiver operating characteristic (ROC) 
curve (AUC). Results: GCS and APACHEH II score were 
statistical different between the death and survival group 
(P<0.05). With the increase of VEEG grading, the mortality 
rate of patients increased significantly (P<0.05). Predict-
ing value of mortality for GCS, VEEG and APACHEH II were 
57.69%, 61.54% and 71.43% respectively without statistical 
difference (P>0.05). The death prediction sensitivity and 
specificity for GCS were 67.0% and 85.0%, for APACHEH II 
were 95.1% and 85.0%, for VEEG were 100.0% and 85.2%. 

VEEG has the highest sensitivity, Specificity, coincidence 
rate and Kappa vale compared to GCS, and APACHEH II. 
Conclusion: Video-electroencephalography is a useful 
tool for predicting the death risk for patients who received 
cardiopulmonary resuscitation. 
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1  Introduction
The success rate of cardiopulmonary resuscitation (CPR) 
is significantly improved because of the development of 
emergency medicine [1]. An increasing number of patients 
with cardiac arrest are sent to the intensive care unit (ICU) 
for further treatment after successful cardiopulmonary 
resuscitation. However, the prognosis of these patients 
was poor with high death risk [2]. Clinical researches 
have focused on developing methods for effectively eval-
uating the prognosis of patients after CPR to apply the 
limited medical resources to patients worthy of treatment 
and reduce the burden on society and their families [3]. 
As an effective indicator of total brain function, electro-
encephalogram (EEG) is sensitive to cerebral ischemia–
hypoxia and metabolic disturbance. This test offers the 
following advantages: (1) convenient and easy to use 
for bedside examination; (2) multiple check-ups similar 
to clinical examination; (3) not relying on the results of 
clinical examination to evaluate the conscious states of 
patient [4]. A previous study on the prognostic effects on 
comatose survivors with cardiac arrest reported that mor-
tality risk can be predicted using EEG responses to exter-
nal stimulation; the false positive rate (FPR) of the test 
is 0.07% and could be considered a separate predictive 
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factor of case fatality rate (CFR). In recent years, video EEG 
(VEEG) has been increasingly used to evaluate the progno-
sis of patients with conscious disturbance; nevertheless, 
the use of VEEG reactivity for prognosis determination of 
comatose patients after CPR has been rarely reported. 

This study aims to discuss the value of VEEG to ther-
mesthesia stimulation in evaluation the prognosis of 
patients and provide scientific basis for clinical decision 
making. 

2  Materials and methods

2.1  Patients inclusion

This study retrospectively analyzed 28 comatose patients, 
who were admitted to our ICU department or related inpa-
tient departments after successful CPR from February 
2013 to October 2016. The patients included 16 males and 
12 females aged from 21 to 82 years, with a mean age of 
(48.3 ±13.1) years. Among this population, 20 patients died 
(death group) and 8 survived (survival group). The inclu-
sion criteria are as follows: (1) patients aged 18–90 years; 
(2) patients in a coma state after successful CPR (Glasgow 
Coma Score ≤ 8 points); (3) patients with family members 
who provided signed informed consents, which were sub-
mitted to the hospital’s Ethics Committee for considera-
tion and approval. The exclusion criteria are as follows: 
(1) patients using sedatives or anesthesia affecting brain 
electrical activities within 24 h before monitoring; (2) 
patients with cerebral injury before CPR; (3) patients with 
high fever, low temperature, and blood circulatory disor-
der affecting brain electrical activities.

Ethical approval: The research related to human use has 
been complied with all the relevant national regulations, 
institutional policies and in accordance the tenets of 
the Helsinki Declaration, and has been approved by the 
authors’ institutional review board or equivalent commit-
tee.

2.2  Methods

This study adopted the Nicolet One-type digital video EEG 
monitoring system and information processing system. 
According to the International 10-20 System, scalp elec-
trodes are placed on the patient and electrode paste is 
used to fix the circular electrode. Based on specific situa-
tions, the VEEG recording takes samples from 8 or 16 uni-

polar leads. The first VEEG recording is completed within 
24 h after hospital admission, and each VEEG recording 
lasts for 6 h every other day, ending with patients’ death 
or the 14th day after morbidity. During VEEG recording, 
caloric stimulation test is carried out for patients under 
stable condition. Cold stimulation refers to stimulating 
patients by ice water with temperature of 0 °C. The two-
side upper limb of patients was placed into ice water for 
5 s at 5 min intervals, and the process is repeated three 
times. Real-time changes in VEEG are monitored within 10 
s before and after stimulation. Thermal stimulation refers 
to stimulating patients by using water with temperature of 
43 ± 2 °C. Thermal stimulation is performed similar to that 
of cold stimulation. Two trained physicians, who need to 
arrive at a consensus after discussion if the judgment is 
inconsistent, analyze all VEEG recordings. VEEG results 
are examined using Young grading standard [5]; Grades 
I and II represent benign VEEG, which predicts patient 
survival, and the other grades represent malignant EEG, 
which predicts the death of patients. VEEG reactivity is 
defined as changes in the frequency or amplitude of VEEG 
background activity after stimulation; this index exhibits 
a strict time-locked relationship to the above stimulation 
but excluding rhythmic, periodic, or irritating discharge 
and VEEG interference evoked by stimulation. VEEG reac-
tivity is classified into presence and disappearance[6] 
(Figure 1).

2.3  GCS and APACHE II score 

Two independent physicians evaluated GCS and APACHE 
II score. Glasgow score was a method of assessing the 
degree of coma with the score less than 5 indicating poor 
prognosis. APACHE II score is generally used to assess the 
severity of patients with critically ill patients. APACHE 
II score is correlated with the death risk. Generally the 
cut-off value of APACHE II is 16 for poor or good prognosis 
of critically ill patients [7].

2.4  Statistical method

Data were analyzed with stata11.0 statistical software 
package. Measurement data are expressed as mean ± 
standard deviation. The difference between survival and 
death patients were assessed by student-t test. Relative 
number expressed the enumeration data, and the compar-
ison between groups was made based on the chi-square 
test. Diagnostic sensitivity and specificity was calculated 
by the equation of sensitivity=true positive/ (true posi-
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Figure 1: Electroencephalography reactivity (A: positive after stimulation;  B: negative after stimulation)
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tive+false negative), specificity=true negative/ (true nega-
tive+false positive). The area under the receiver operating 
characteristic (ROC) curve was used to evaluate the diag-
nostic efficacy.

3  Results

3.1  APACHEH II and GCS score comparison 
between survival and death groups

GCS score were 2.76±1.92 and 6.86±1.33 for death and 
survival group respectively with statistical difference 
(P<0.001); For APACHEH II score, the death group was sig-
nificant higher than those of survival group (23.89±6.75 vs 
16.20±4.81, P<0.001), Table 1. 

3.2  Correlation between VEEG grading and 
death risk

With the increase of VEEG grading, the mortality rate of 
patients increased significantly (P<0.05), as shown in 
Table 2.

3.3  Predicting value of mortality for GCS, 
VEEG and APACHEH II

Predicting value of mortality for GCS, VEEG and APACHEH 
II were 57.69%, 61.54% and 71.43% without statistical dif-
ference (P>0.05), as shown in Table 3. 

3.4  ROC of GCS, VEEG and APACHEH II for 
prediction mortality risk

As shown in Figure 2, the prediction efficacy of mortality 
in VEEG is better than GCS and APACHEH II.

3.5  The prognostic prediction of GCS, VEEG 
and APACHEH II

The sensitivity, specificity, coincidence rate and kappa 
value for GCS, VEEG and APACHEH II were demonstrated 
in Table 4. VEEG has the highest sensitivity, specificity, 
coincidence rate and kappa vale compared to GCS, and 
APACHEH II. 

4  Discussion
After CPR, some patients are subject to serious coma 
due to cerebral injury caused by respiratory and cardiac 
arrests. The sign of successful CPR is recovery to cardio-
pulmonary function; in addition, cerebral survival and 
recovery of cerebral function are significant for treatment 
and improving the quality of life of patients. The progno-
sis of patients can only be judged correctly if the status of 
cerebral function at the moment is evaluated in a timely 
and effective manner. Cerebral function is generally eval-
uated clinically by GCS, APACHE II score system, and 
biochemical examination combined with neuroimaging; 
however, these methods are not conducive to bedside 
monitoring and dynamic observation [8]. VEEG can record 
the spontaneous bioelectric activities of brain cells from 
the scalp, reflect the status of electric activities of neuron 
network in time and space sequences, directly show brain 
metabolism, and reveal abnormal situations that are diffi-
cult to discover [9]. The reactivity of the VEEG background 
represents good prognosis (especially for survivors after 
CPR), but guidelines for detecting VEEG reactivity have 
not been reported. The VEEG reactivity of comatose 
patients include visualization and auditory stimulation or 
pain stimulation, which are difficult to quantify in clinical 
practice; such stimulation may also cause deviations in 
evaluation, resulting in reduced sensitivity and specific-
ity of VEEG reactivity in prognostic evaluation[10]. Ther-
mesthesia and algesia possess the same nerve conduction 
pathway (spinal cord–thalamus–cortical pathway), but 
the former can be easily quantified. In this regard, the 
present study adopts quantifiable thermesthesia stimula-
tion to improve the accuracy and operability of prognosis 
evaluation for patients. Video EEG can directly eliminate 

Table 1: Comparison between the APACHE II and GCS of survivors and non-survivors

Evaluation methods Total score Death group Survival group P value

GCS 5.26±2.18 2.76±1.92 6.86±1.33 <0.001
APACHEH II 21.56±8.26 23.89±6.75 16.20±4.81 <0.001
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EEG identification errors caused by external disturbance 
and instantaneously observe VEEG reactivity to stimula-
tion. Thus, VEEG provides accurate information for prog-
nosis evaluation of comatose patients and avoiding high 
medical and economic expenses in patients who will fail 
to survive or present poor treatment outcomes. The VEEG 
model after the initial short-term CPR offers limited value 
in prognosis evaluation. The epileptic form discharges of 
childhood patients will appear at a minimum of 6 h post-
CPR. In the present study, VEEG  is recorded after 6 h but 
within 24 h upon the completion of CPR [11]. The results 
show that differences in graded VEEG, GOS, and APACHE 
score can affect the accurate evaluation of patient survival 
or death risk. The predicted mortality rate calculated by 
three evaluation methods approximate the actual mortal-
ity rate, and the evaluation effects present no significant 

differences (P > 0.05). Hence, video EEG, GCS system, 
and APACHE score system present certain clinical value 
for prognosis evaluation of patients after CPR, consistent 
with the results of related studies [12]. In addition, the 
ROC curves of the three prognosis evaluation methods are 
obtained. The area under the curve (AUC) of video EEG is 
the largest compared to APACHEII and GCS. However, if a 
trachea cannula is inserted into a patient’s neck or nose 
or if the patient is in vegetative state and  state of locked-in 
syndrome, then the scores evaluated by GCS and APACHE 
may not match with the actual result; nevertheless, these 
clinical states exert no significant effect on the VEEG-mon-
itored atlas of brain function [13].

VEEG reactivity caused by external stimulation refers 
to the nervous activity in which somatic sensory afferent 
pathway passes through the ascending reticular activation 
system to the cerebral cortex  [14, 15]. VEEG reactivity is an 
important parameter for predicting outcomes of patients 
with conscious disturbance. After comparing the sensitiv-
ity, specificity, and coincidence rate of prognosis evalua-
tion of VEEG reactivity with those of GCS and APACHEII, 
we observed that the three scores of VEEG for patients 
after CPR are higher than those of GCS and APACHEII 
Score. The kappa coefficient is 0.83, which is higher than 
those of the GOS and APACHE II score system and consist-
ent with follow-up results. During continuous dynamic 
observation of VEEG, VEEG exhibited no reactivity on the 
day of morbidity occurrence on two patients, whereas GCS 
and APACHEII showed poor prognosis. After 2 or 3 days, 
patients with EEG reactivities ultimately survive. This 
phenomenon fully demonstrates that VEEG reactivity is 
an objective and accurate indicator with greater clinical 
value than other evaluation methods.

Table 2: Relationship between VEEG grading and mortality

Grading No. Death (n) Survival (n) Death rate (%)

I 3 0 3 0

II 2 0 2 0

III 4 3 1 75

IV 7 6 1 85.71

V 6 5 1 83.33

VI 6 6 0 100

χ2 33.720

P 0.000

Figure 2: Comparison  of ROC curves of three prognostic evaluation 
methods

Figure 3: Comparison of the mortality rate between the three evalu-
ating model

Evaluation methods Acute death (%) Predict death (%)

GCS 19(67.86) 15(57.69)

VEEG 19(67.86) 16(61.54)

APACHEH II 19(67.86) 20(71.43)

χ2 2.72
P >0.05

Table 4: Comparison of three methods for evaluating the prognosis 
of patients with cardiopulmonary resuscitation

Evaluation 
methods

Sensitivity Coincidence 
rate 

Specificity Kappa

GCS 67.0% 66.0% 85.0% 0.65
APACHE II 95.1% 66.0% 85.0% 0.79
VEEG 100.0% 67.0% 85.2% 0.83
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Our study possesses several limitations. First, the 
study was completed in a single hospital and involved a 
relatively small sample size. The results should be further 
verified in multiple hospitals with larger sample size. 
Second, the judgment of VEEG responses to stimulation 
and VEEG reactivity is subjective to a certain extent and 
needs to be standardized.
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